Kefir drink is a source of probiotic microorganism with remarkable functional and technological properties. The objective of this work is to isolate yeast strains from Malaysian kefir drink and evaluate them for probiotic potentials. In the present study, nine strains of probiotic yeast were isolated from a Malaysian kefir drink and identified according to their 16S rDNA sequences. Furthermore, their probiotic potential was evaluated. The probiotic properties were tested for aspects of antibiotic susceptibility, antimicrobial activity, and gastrointestinal condition tolerance (pH and temperature). Five isolated strains, M3, Y5, Y9, Y11 and A1, showed good tolerance towards low pH condition while three strains, A1, M1, and M3, showed antimicrobial activity against E. coli, P. aeruginosa, and Salmonella sp. Most isolates were resistant to penicillin, streptomycin, and ampicillin, and grew well at human body temperature. The result of this test indicates that the yeast strains isolated from Malaysian kefir drink have excellent potential for use as probiotics in various products. Lastly, kefir milk is one of the excellent source of probiotic yeast strains and could be used as a new yeast probiotic formulation or in food supplements.
Introduction
The term probiotics originate from the Greek word "probios", which stands "for life", but the latest definition by FAO/WHO describes them as "live microorganisms which when administered in adequate amounts confer a health benefit on the host" [1] . Many different organisms are used as probiotics such as yeast, bacteria, and moulds. Lactobacillus sp. and Bifidobacterium are most commonly used in probiotic products. Saccharomyces boulardii and Saccharomyces cerevisiae are examples of some nonbacterial microorganisms that are commercially available as a probiotic product.
An effective probiotic microorganism must exhibit certain criteria such as safe, viable, and show survivability in the gastrointestinal tract [2] . In addition, possessing antimicrobial activity against pathogenic microbes and the ability to adhere to intestinal epithelial cells are other necessary traits for every probiotic strain isolated [3] . In general, it is known that ingestion of probiotics contributes to the improvement and maintenance of harmonious intestinal microbiota. There is also evidence that shows elite properties of probiotics such as in cholesterol-lowering [4] , antipathogenicity [5, 6] , antidiabetic [7] , antiobesity [8] , anti-inflammatory [9] , anticancer [10] , antiallergic [11] , and antihypertensive [12] .
Probiotic bacteria have been frequently studied for gastrointestinal therapeutic system. However, there is a lack of studies regarding probiotic eukaryotes. The most significant advantage of using probiotic yeasts for this application is their ability as eukaryotes to create post-translational modifications that might enable the expression of a wide variety of therapeutic proteins in their proper conformation [13] . Moreover, certain yeasts are believed to possess valuable probiotic properties such as acid-and bile-tolerant [14] and has antagonistic activity against intestinal pathogens [15] . In addition, probiotic yeasts also have an ability to resist most of the common antibiotics, making them as great candidates to be used in combination with antibiotics [16] .
Potential probiotic yeasts are often found in fermented food or drink and kefir is one of the abundant sources for this type of strain. Kefir is a fermented milk product with a creamy consistency and a little acidic taste. It is produced by fermenting milk with a starter culture comprising a mixture of yeast and bacterial strains (10 6 -10 8 cfu/g) that stick to the polysaccharide matrix [17] . In the last century, kefir has become increasingly popular in Russia and in the former Soviet states. To date, its popularity is still growing and countries like Malaysia are starting to manufacture kefir on a commercial scale. Therefore, in the present work, we studied the probiotic properties of kefir drink. The objective of this study was to evaluate the probiotic potential of yeast strains isolated from kefir for their possible use in the preparation of nutraceutical products.
Materials and methods

Sources
The yeast cultures used in this study were isolated from a commercial drink named Malaysian Kefir (MK). The kefir drink was bought from a supplier in Gambang, Pahang. The samples were kept chilled at 4°C in the sterile bottle until further use.
Isolation of yeast
The method was described by Matanna et al. [18] . Potential yeasts were isolated from the Malaysian Kefir drink using standard serial dilution technique and spread over yeast extract peptone dextrose (YEPD) agar and incubated at 30°C for 48 h. After incubation, yeast colonies were selected and streaked again on YEPD agar plates for purification. The grown single colonies were stored at 4°C for further study. Purified yeast isolates were stored at −80°C as glycerol stocks for long-term storage. All yeasts were preliminarily grouped based on their cultural morphology by microscopic and macroscopic observations.
pH tolerance
pH tolerance was tested using methods modified from Wang et al. [19] . Acid tolerance was evaluated by growing the yeasts in broth adjusted to different pH between 2 and 8 using 5 M of HCl and 5 M of NaOH, then incubated at 30°C for 24 h. Yeast growth was monitored using a spectrophotometer by reading the optical density at 600 nm (OD 600 ) against uninoculated broth as the blank.
Heat tolerance
Heat tolerance was determined using a Rajkowska modified method [20] . Growth at different temperatures was estimated by inoculating 10 6 cfu/mL of activated culture into YEPD liquid medium. The samples were incubated at five different temperatures ranging from 25 to 50°C for 24 h at 150 rpm. Yeast growth was measured using a spectrophotometer by reading the optical density at 600 nm (OD 600 ) against uninoculated broth as the blank.
Antimicrobial activity
The isolated yeast strains were evaluated for antimicrobial activity against four types of bacteria. All strains were obtained from Central Lab, UMP. Pseudomonas aeruginosa ATCC 9027, Salmonella sp. ATCC 14,028, Escherichia coli ATCC 8739, and Staphylococcus aureus ATCC 6538 were cultured on nutrient agar. Antimicrobial activity was measured using a modified method from Argyri et al. [21] . Briefly, 5 µL of 24 h-cultured supernatant of isolated yeast was spotted on the disc of agar plates spread with the test bacteria. The diameters of the halo zone were measured after incubation at 37°C for 24 h.
Antibiotic susceptibility
The sensitivity of the isolated strains to antibiotics, namely streptomycin (50 μg), ampicillin (100 μg), erythromycin (50 μg), and penicillin (100 μg), was tested using disc diffusion method [22] . Tests were performed in triplicates and the growth inhibition zone diameters (mm), if any, were noted for each agar plate. The agar plates were observed for zones of inhibitions after incubation at 37°C for 24 h.
Identification of yeast isolates
Internal transcribed spacer (ITS) rDNAs of isolated yeast strains was amplified by PCR using the primers ITS-1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS-4 (5′-TCCTCCGCTTATTGATATGC-3′) using methods from Leaw et al. [23] . The DNA sequencing process of the PCR product was carried out by 1st Base Sequencing services (Selangor, Malaysia). The sequence results were compared with those deposited in the GenBank DNA database using the Basic Local Alignment Search Tool (BLAST; http://blast.ncbi.nlm.nih.gov/Blast.cgi) to determine the strains isolated. All the phylogenetic analyses were conducted in MEGA version 10.0.2 software programme [45] .
Statistical analysis
All experimental data were expressed as the mean ± standard deviation. Data were analysed by t-test using XLSTAT. The p-value p ≤ 0.05 was regared as statistically significant.
Results and discussions
Yeast isolation
Kefir is a cultured fermented drink that has a taste like a yoghurt drink ( Figure 1 ). Kefir is made from a starter culture which is a combination of milk protein and a mixed culture of microorganisms (yeast and bacteria). The starter culture is normally prepared from the traditional native microbial strain or pure culture inoculum known as kefir grain. This grain is normally used for the preparation of fermented kefir drink. However, it is also considered as a multi-functional starter culture in the fermentation process in the food industry such as bread, cheese and milk [24] . In this case, this product was used as the traditional native microbial strain as their kefir grain starter culture. Nine different strains of yeast were isolated from locally made fermented goat milk (kefir drink), Malaysian Kefir brand. Pure cultures of all yeast isolates were obtained by the pour plate method followed by serial dilution (10 5 -10 6 ). Isolates colonies were obtained and grown in YEPD media for analysis.
Macroscopic and microscopic analysis
All isolated strains were successfully grown in YEPD agar. A single colony was obtained for each isolated strain (Figure 2) . The strains were identified as yeast using macroscopic analysis based on morphological characteristics. M1, M3, M4, Y4, Y10, and Y11 were observed to be smooth, while Y5, Y9, and A1 were rough and filamentous. A possible explanation for this might be that the smooth and the rough colonies fall under different genera of yeast. An experimental demonstration of this situation was carried by Casalone et al. [25] where they found that in the yeast morphology, the smooth colonies contained only blastopores while the rough colonies consisted of different proportions of true hyphae and pseudohyphae. As shown in Table 1 , the colony sizes are moderate-big which are in the range of 3 to 6 mm in size, confirming the presence of yeast compared to bacteria, which size does not exceed 2 mm for a single colony [26] . Microscopic analysis conducted using simple staining showed that most of the strains contained budding morphology except for the filamentous type. This observation verified that the isolated strains were yeast strains. 
In vitro screening of pH tolerance
Most of the isolated yeast strains survived in pH between 3 and 8 ( Figure 3) . However, only strains M3, Y5, Y9, Y11, and A1 (p-value ≤ 0.05) grew at pH 2. At pH 2, the absorbance values (OD 600 ) of strains M1, M4, Y4, and Y10 after 24 h of incubation were less than 0.5. It indicates that these strains died and cannot grow in extreme acidic environment. However, the absorbance values (OD 600 ) for strains M3, Y5, Y9, Y11, and A1 were between 1.0 and 2.0. It shows that these strains cannot grow well in extreme acidic environment but still survived based on their absorbance. On the other hand, the absorbance values for all types of strains were high, indicating that the cells have no problem to multiply and grow well in a human intestinal environment which has a pH range of 6.5 to 8 [27] . pH is among the most important factor that influences the performance of the probiotic product due to the general sensitivity of probiotics to acidic condition. The gastric environment is highly acidic due to the secretion of hydrochloric acid in the stomach and this becomes the first main barrier after ingestion of probiotics in the stomach [28] . Probiotic microorganisms should be viable and reach their target of action alive. Although 0.9 is the value of pH of excreted HCl into the stomach, the pH will range around 2-3 after food consumption [29] . For this reason, pH 2 was considered as a suitable value for the acid-resistant yeast strains selection. Food takes roughly 2.5-4 h to pass through the stomach [30] . In this experiment, strains M3, Y5, Y9, Y11, and A1 survived after 24 h in very low pH, which was pH 2. In this harsh condition, an adequate amount of viable probiotic cells could enter the small intestine after surviving the transition in gastric environment and demonstrate the proper action in the human intestine.
Heat tolerance
The heat tolerance patterns of nine isolated yeast strains are presented in Figure 4 . All strains gave absorbance (OD 600 ) reading below 0.5 when subjected to grow at 50 and 45°C except for strains M1 and M3, where the absorbance (OD 600 ) readings were more than 1.0. This result indicates that most of the yeast strains cannot survive and died at high temperature. Only strains M1 and M3 survived at 45°C, however, they did not show a good growth pattern. On the other hand, most of the isolated yeast strains showed significant growth at room temperature which were which were between 25 and 40°C, while only strain M1 and M3 shows higher grows rate (p-value ≤ 0.05) at human body temperature which were between 35°C and 40°C. The heat tolerance pattern illustrates that the isolated yeasts are of the mesophilic type where this type of organism grows best at moderate temperature between 20°C and 45°C. Based on the results, the yeast isolates displayed good resistance towards moderate heat, which would be a positive property for these probiotics to be applied in nutraceutical or food industries.
Similar results were reported previously for other yeast strains isolated from kefir [20] , raw milk [31] , feta cheese, and beverages [28] . Their growth rate is higher at 37°C but decreased when the temperature is above 40°C. Temperature tolerance is one of the important characteristics of probiotic organisms. The microorganisms used as probiotics must confront an adverse condition such as mild heat shock, which is 37°C for body temperature. The results of the present study suggested that all tested yeast strains may survive in the human gastrointestinal tract and thus, create the possibility of proper activity in the human body. Table 2 presents the antimicrobial activities of the nine isolated yeast strains against four foodborne pathogens. These pathogen strains were chosen as an indicator of common human pathogen including both gram-positive and gram-negative type. Moreover, these pathogenic strains are significant important that cover a wide range of gastrointestinal pathogen [6, 32] . 
Antimicrobial activity
Values are mean of three samples ± SD
The activity was measured by comparing the diameter ( Figure 5 ) of the growth inhibition zones which ranged from 8 to 12 mm. Only isolates M1, M3, and A1 showed some inhibition against E. coli, Salmonella sp., and P. aeruginosa, while none of the isolates showed activity against S. aureus. Interestingly, only strain M3 exhibited greater influence against these pathogens. It can be seen that this strain have an ability to suppress gram negative types of pathogen rather than gram positive. Antimicrobial activity of yeast strains may be attributed to some compounds produced during the growth including organic acid, bacteriocins, volatile acids, hydrogen peroxide, antibiotic factors, and other types of excretion [33, 34] . The antimicrobial activities of the yeast strains in the current study were in agreement with the results reported by other authors [35] [36] [37] . This study also revealed that antimicrobial activity was species-and strain-dependent because of the various results obtained for different tested pathogens and different isolated yeast strains.
Antibiotic susceptibility
All nine isolated yeast strains tested were resistant to streptomycin, penicillin, and ampicillin but sensitive to erythromycin (Table 3) . Susceptibility to antibiotics is significant measure in selecting the probiotics. This is because antibiotics are the most effective drug available to treat bacterial infections. To combine the usage of probiotics and antibiotics at the same time, the probiotic strains must possess the ability to resist antibiotic effect. This can be achieved by using the yeast strains. All the isolated yeast strains were resistant to most of the antibiotics tested except to erythromycin. This observation agrees with an earlier study that reported that Saccharomyces boulardii is resistant to most of the antibiotics tested [16] . 
The susceptibility of the isolated yeast cells toward erythromycin was shown by the different sizes of halo zone on the agar plate stated in Table 3 . In accordance with the present result, previous studies have demonstrated that erythromycin has the ability to inhibit the growth of certain yeast cells. The immune response is determined by the cell wall component where the impact of the antigenic response depends on the substantial differences in the cell wall composition [38] . Yeast cell walls are composed of an outer layer that contains mannose and an inner layer containing glucan and chitin. In our body, the defence mechanism toward foreign microorganisms is innate immunity. It depends on the recognition of pathogenassociated molecular pattern (PAMP) antigens by proteins known as pattern-recognition receptors (PRRs) [39] . Mannan, lipid, and glycan, which are present in yeast, are all PAMPs and are identified by different PPRs and therefore can be justified for different responses of these microorganisms as 'immunobiotics'.
Identification of yeast strains
The molecular identification of the isolated strains was based on the sequencing results from ribosomal DNA amplification using ITS primers. The results of the nine isolated yeast strains are reported in Table 4 . The result indicated that strains A1, Y5, Y9 and Y11 belonged to Kodamaea ohmeri species. Strains M4, Y4, and Y10 were identical to Saccharomyces cerevisiae. The M1 and M3 strains were identified as Saccharomyces boulardii and Kazachstania unispora, respectively. Phylogenetic tree ( Figure 6 ) of indigenous yeast isolates was constructed by using cDNA gene sequence of isolated yeast. The phylogenetic tree showed three major cluster represented as Kodamaea, Kazachstania and Saccharomyces group respectively. Accurate identification at strains and species level is the critical step to ensure that the microbial candidate can be used as a probiotic microorganism [40] . Proper identification is very important to the recognition of probiotic properties as well as the safety issues of the selected strains. The sequencing of ITS confirmed the identification analysis for nine strains and allowed good identification of the probiotic yeast strains at the species level. This is because conventional identification methods such as those based on physiological characteristics are not considered totally satisfactory [41] . Moreover, a lot of laboratory work must be done and it is time-consuming. Based on previous reports [14, 42, 43] , Saccharomyces and Kluyveromyces are two of the abundant genera that can be found among the yeast strains isolated from kefir drinks in other regions. Consistent with the literature, the identification results from this research found that more than half of the isolated strains were from the genera Saccharomyces. Saccharomyces boulardii and Saccharomyces cerevisiae are among the most used species for probiotic and multiple biotechnological applications and have proven their effectiveness [36, 44, 46, 47] . Moreover, this study is in line with the food standards of the Food and Agriculture Organization of the United Nations report where kefir contains several types of yeast such as non-lactose fermenting yeast (K. unispora, S. cerevisiae, and S. boulardii) and lactose-fermenting yeast (K. marxianus) in the mixture [43] .
Conclusion
In conclsion, kefir milk is an excellent source of probiotic yeast strains. In this study, from nine yeast strains isolated, strains M1 (Saccharomyces boulardii), M3 (Kazachstania unispora), and A1 (Kodamaea ohmeri) have potential as probiotic yeast strains with the capability to survive in the acidic pH of stomach and human intestine and having good growth patterns at human body temperature. They also showed some good antimicrobial activity to suppress some foodborne pathogens as well as good antibiotic susceptibility and thus, could be used as a new yeast probiotic formulation or in food supplements.
This investigation shows an initial study of probiotic yeast selection. These strains need more study on the clinical analysis as well as the intestinal adhesion potential to state them as effective probiotics. Further work will be necessary to extend the knowledge of these potential probiotic yeasts.
